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Characteristics of Eye Movements
Before describing the experiments it is necessary to review how and why we move our eyes. Much of the information about the world around us reaches us through our eyes, and all detailed information enters through the fovea, where the rods and cones are most tightly packed and where the ratio between photoreceptors and individual nerve fibres in the optic tract is lowest. This area of distinct vision is only about two degrees of solid angle, as the reader can check quickly for himself by looking steadily at a printed page. He will find that he can read two or three words without moving his eyes. Thus in order to obtain detailed information about the scene in front of us we must move this area of distinct vision around it. We do this by moving our eyes in a series of rapid fixations and jumps (saccades), and these are far more rapid and numerous than we usually imagine. We see little or nothing while our eyes are actuallỹ oving, an~effect~ve visual perception IS only possible during the fixations. The lengths of these fixations varies with what we are doing. For example, while we are reading they last about 0.3 seconds each.
The movements between the fixations are usually the result of either an optically elicited eye reflex, or of a voluntary eye reflex. The optically elicited eye reflex occurs when an item is seen indistinctly at the periphery of the retina, and is brought to position on the fovea by a rapid conjugate movement of both eyes. Once the reflex is initiated we have no control over it, and the eyes move at high speeds until they are aligned on the new object. The speed of these movements varies greatly between individuals but is not under conscious control. It may rise to 400 0 per second, and if we attempt to slow the movement it turns into a series of rapid saccades. 336 
Introduction
Distortions of visual perception occur in many psychoses, and range all the way from frank visual hallucinations to com-. plaints that "things look different". Many mental patients also complain of changed feelings about their own bodies, or have somatic symptoms which centre on certain areas. Sometimes in their behaviour they pay particular attention to certain parts of their bodies and avoid other parts. This is exemplified by the mirror-watching habits of some schizophrenics reported by Ishida (7) , and Zaystev 'and Papliyan (18) ,as demonstrated in Modell's study (15) in draw-aperson techniques, and Miller's (14) report on patients looking at photographs of themselves.
These and many other reports and observations suggested to us that the patterns of eye movements of mental patients when viewing photographs of themselves and others might be indicators of their altered thought processes. However, very little is known about how people normally look at such things, or indeed how we look at each other. There is the widely held belief that there is something 'queer' about the person who will not look you in the eye, and 'shiftyeyed' has become a synonym for untrustworthiness. While this probably has only a slight basis in fact, such visual behaviour does indicate some lack of selfconfidence or desire to avoid contact. Many psychiatrists seem to be of the opinion that schizophrenics do avoid looking at faces, and Carpenter, in his ideo-motor theory, many years ago, held that thought processes were indicated by small involuntary muscle movement, including those of the eyes.
The voluntary eye movement is similar,except that it is not caused by some periphral item, but occurs because of some decision taken within the eNS. However, once the decision has been taken and the movement initiated, it is outside conscious control. The mechanism in both cases, by which the eyes are aligned on a new object, is a classic example of an error-actuated servo system.
Eye movements can be consciously controlled as long as one pays attention to their control. In fact, most of the time we do not realize we are making them, and are only aware of part of the information resulting from them. As can be seen from eye-movement studies in situations such as automobile driving or flying (9j we make many eye movements in which we receive information and on which we take motor action, but which we do not remember and which we are not aware that we have made.
Eye movements are thus unique in that they are an unconscious behavioural vector reaction to stimuli; that is, they are reactions which have direction and magnitude, as compared to scalar responses such as pulse rate which show changes in magnitude only. We have hypothesized that they are affected by mechanisms such as perceptual defence, and recent studies, such as that by Webb, Matheny, and Larsen (16) and by Luborsky, Blinder, and Mackworth (12) suggest that this is indeed so. Moreover, studies by Amadeo and Shagass (1) and our own observations, indicate that the rate of saccadic eye movements increase as a non-specific concomitant of attention. Dixon (3) has shown changes in the visual threshold with emotionally arousing stimuli, and Dixon and Lear (4) that the perceptual regulation of schizophrenics and depressives appears to differ from normals.
Method
Subjects: In the present study the S8 were nine male mental hospital patients and ten male non-patients from the hospital staff. The mental disorders of the patients were not used as the basis of selection. The S8 were unpaid, but in the case of the non-patients, were permitted to participate during working hours, Apparatus: The eye movements were recorded by an optical eye-marker head camera of the type developed by Mackworth and Llewellyn Thomas ( 13) . Briefly, this consists of a small motion picture camera and periscope which transmits a spot of light reflected from the eye. As the S moves his head and eyes, the equipment photographs the changing scene before him, and in the camera the image of the scene is marked with a spot which indicates the position of the line of sight. The records taken consist of an 8 mm. motion picture film, in this study taken at ten frames per second, which shows the scene before the S and superimposed upon it is a bright moving spot indicating his eye movements and fixations. This bright spot is actually a magnified image of the corneal reflection, which is the highlight which can be seen in a person's eye when there is a light shining upon it. This corneal reflection moves as the eyes move, and within about 15°on either side of the mid-line its movements are correlated with the movements of the eyes. The size of the spot itself in the scene is about 2 0 of visual angle and thus approximates the area of the scene focussed on the fovea; that is the spot in the motion picture represents approximately the area of distinctive vision. The accuracy of the recording is between 1 0 and 3 0 , depending upon the area being viewed.
Full length 35 mm. Kodachrome slides were taken of the 58 approximately two weeks prior to the experimental session, but they were not informed of the reason for taking the photographs or of any details of the proposed experiment.
The slides were projected on a beaded glass screen and the visual angle subtended to the seated S was equivalent to viewing the person at a distance of 20 feet. The periscope of the eye-marker camera was mounted in front of the 'S's left eye so that effectively right eye monocular vision only was used in this study. (The prism at the lower end of the periscope has since been replaced by a half-silvered mirror, so binocular studies are now possible.)
Procedure
Instructions to the Ss were non-directive, as telling the Ss that their eye movements were being recorded might affect their visual behaviour. These instructions were the same for all Ss and were as follows:
"This is a method of eye examination. Your eyes will be examined while you are looking at a series of pictures. Between each picture you will see a black dot on the screen. Look at this dot until the next picture appears. Please keep your head as still as possible." In order to obtain good calibration of the eye spot, a slide showing a matrix of six points was projected at the beginning of the experiment. This allowed corrections to be applied in the analysis of the films when necessary. A slide with a black spot was shown between each picture slide as a calibration check, the spot appearing in the same position on the screen as the nose of the person shown in the subsequent slide.
The series consisted of five slides, two of young males and two of young females and one of the S himself. Except for the latter, the slides were the same for all Ss, They were arranged in the following order: M, M, S, F, F. This order was selected so that any arousal caused by looking at the female slides, which previous studies by us have shown to give an increased rate of eye movement in young males, would not interact with the eye-movement record of the other slides. Each stimulus slide was shown for 30 seconds. The calibration check slides were shown for 15 seconds. The entire experiment, including three minutes for original calibration of the eye marker lasted 6.5 minutes.
Results
The films were first projected in real time to gain some idea of the general visual patterns of the patients and nonpatients. Each film was then examined frame by frame and the durations and locations of each eye fixation was recorded with reference to the picture of the person being viewed.
Fixation durations: The duration of fixations for each S looking at each of the slides is shown in Table I , and fixation times of people engaged in other visual tasks are shown for comparison in Table II . In Table I the Ss are arranged in order of the mean of their fixations upon the slides of other people and it is immediately obvious that they fall into three groups on this basis. Eight of the patients had fixation durations ranging between 0.12 seconds and 0.47 seconds, all the non-patients had the fixation durations between 0.56 and 0.66 seconds, and two of the patients had durations of between 0.72 seconds and 1.04 seconds. Thus, the mean duration of the visual fixations when looking at slides of other people, acted as a most effective statistic in dividing the group into patients and non-patients. Statistically the results are significant as the difference in average fixation times between patients and nonpatients is significant at the p < 0.01 level.
In addition, the variability of fixation times was much greater in the patient group than in the non-patient group and this was very highly significant at the p < 0.0005 level. In other words the patients changed the duration of their fixations relative to their means much more than did non-patients.
The ratio between the average fixation time when looking at photographs of themselves and photographs of others was much greater in many of the patients than in the non-patients. In general, nonpatients used much the same fixation times when looking at photographs of themselves as they used when looking at photographs of other people. Many of the patients, however, used much longer or much shorter fixation times when looking at photographs of themselves than when they looked at photographs of other people. There were no significant differences between the mean fixation time an S used when looking at a male photograph and when looking at a female photograph. This was true of both patients and nonpatients.
Besides the difference in fixation times between the two groups there are intrapatient differences in fixation times be-tween looking at themselves and looking at others. Those patients with short fixation times when looking at others tended to have longer fixation times when viewing themselves, although the reliability of this measure can be questioned because of the fixed order of slide presentation.
Position of fixations. Figure I shows grouped histograms for distribution of fixations in terms of the time spent in each of 20 body levels for all the nonpatients. Because the human body is symmetrical in general, and because of the necessity of restricting the analysis to meaningful measures, fixation times are recorded only in terms of body level. In this figure, it will be noted that non-Task patients, while they looked at all body levels, spent the most time looking at the face. There are only minor differences in the way these male S8 looked at the male and female slides. There was a remarkable similarity between the individual nonpatients, all using very much the same viewing pattern. In addition, they used much the same viewing pattern whether they were looking at slides of themselves or other people.
On the other hand, there were great differences between the viewing patterns of patients looking at themselves and other people. Figure II is a grouped histogram for all the patients looking at themselves. Even with the great variations between patients this shows that as a group they paid an overwhelming attention to the body when looking at themselves. Many patients avoided looking at their own face at all except for an occasional quick glance, in spite of the fact rhat their first fixation, due to experimental procedure, was on the face. The great variability between patients makes grouped histograms of limited value. Figure III shows the histograms of one patient looking at slides of males, females and himself. This demonstrates well the avoidance of the face which he showed.
However, the histograms and the fixation times are rather bloodless derivatives of the films themselves. There are a number of striking points about the way patients look at slides which one can see fairly readily in the motion picture record but which cannot yet be quantitatively measured. Thus, they all showed a tendency to take quick darting looks at parts of the body or face, a tendency to glance at the body and then look past it, a tendency to return again and again to some item such as one hand, which sometimes had significance in terms of their psychiatric history. This visual behaviour is not seen in the records of the non-patients, nor does it appear in the visual patterns of persons performing other tasks in some of our other studies.
Other interesting measurements which were noted during the study but which were not forecast, were the changes in blink rate. The blink rate in non-patients in this part of the study in general is unimportant but in several patients, while the blink rate was negligible when they were looking at the plain calibration slides, it suddenly and dramatically increased when the picture of a person appeared. Changes in blink rate have been shown by Wood and Saunders (17) to be an indicator of psychological stress. Another factor noted in the study of the slides is the changes in brilliance of the corneal reflection which occurred in many of the patients during the showing. This change in brilliance may be connected with the opening and closing of the iris which has been shown to accompany the viewing of emotionally toned or interesting visual stimuli by Hess and Polt (6) and the widening of the palpebral fissure in attention, demonstrated by Glasner and Kennard (5) . Clinically it was noted by Kestenbaum (8) and related to the emotional status of the subject. All subjects, both patients and nonpatients, showed 'a strong tendency to look at edges rather than masses. This has been noted in our other studies (11, 10) and agrees with neurophysiological findings that it is the movement of a sharp intensity gradient across a photoreceptor which causes it to fire (2) .
All subjects also showed a preference for one side or the other of the figure shown in the slide. There are suggestions from our other studies that this is correlated with handedness (10).
Discussion
When we have an active interest in a scene before us, we move our eyes both in response to the peripheral stimuli arising in the scene and to the explicit and implicit questions about the scene which arise in our minds. Thus, an eye movement is an information-seeking probe, and the way we move this probe will be governed both by what is happening in the scene and what is happening in our minds.
When we are looking at a static scene, where and for how long we look will be governed by many factors including the reason we are looking at the scene at all and the emotional meaning which the scene has for us. During each visual fixation an immense amount of information enters the central nervous system, most of it during the first instant of the fixation. However, as the brain processes information much more slowly, most of it is discarded.
Therefore some selective mechanism must exist, controlling what information rises to levels of awareness, what information is stored in long and short-term memories, and what information is discarded. This selection will be governed, among other things, by the task the in-dividual is performing, his attitude toward that task, and his emotional response to the information in the fixation.
In a static display each eye fixation lasts while the information from that point in the display is selected and processed. (The term 'information' is being used to include both semantic and selective information.) In order to obtain maximum relevant information from a display in a given time a compromise must be struck between the length of the eye fixations and the number of fixations. If the fixations are too short the information assimilated from an area of the display will only be part of the total relevant information available. On the other hand, if the fixation times are too long, time is wasted since the eye remains fixated after most of the relevant information has been processed. Therefore, for each area in the display there is an optimum fixation time in terms of total perceived information 'pay-off'.
An efficient system which is capable of adapting to the incoming information and which is programmed to obtain the maxmium relevant information from the display would thus use a search strategy to obtain the highest rate of relevant information processing from the whole display. In terms of automatic control system techniques the system would be said to be 'optimizing'.
Moreover, embodiments of the same type searching the same kind of information display to the same program should optimize around much the same mean fixation time. That is, a stereotype should exist. One embodiment of such a system is a human being operating in an overlearned task. Because human beings are extremely efficient in carrying out overlearned tasks a group of such singleminded individuals should therefore have much the same fixation times. On the other hand, individuals operating to conflicting programs should have much larger differences between each other because they would not be optimizing to the same criteria or would not be optimizing at all.
A general instruction to look at the slides will set the subject toward a task which he performs many times every day, that is glancing at photographs in magazines or at people he meets. As the duration of each presentation was only 30 seconds most of the time would be spent in primary information gathering.
The close grouping around a mean of 0.6 seconds among the non-patients suggests that a stereotype for this task exists and that non-patients are optimizing efficiently in terms of the task.
On the other hand, the patients all show a longer or shorter mean fixation time. Thus, they are not optimizing to the same program, or there is a conflict between programs, or they are not optimizing at all. They therefore are, in effect, showing a tendency to avoid obtaining information about the external world, or certain aspects of it. This suggestion is supported by the finding that non-patients spend most of their time viewing the face while patients tended to avoid the face. Now the face is the area from which we obtain the majority of our visual information about other human beings and therefore this difference also suggests that patients are reducing their information intake. Both these findings thus agree with the generally observed tendencies of schizophrenics and depressives to cut themselves off from the external world.
Summary
The eye-movement patterns of nine hospitalized psychiatric patients were compared with those of ten non-patients when looking at pictures of themselves and others. There were highly significant differences between both the mean fixation times of the two groups and also between the area of the body to which they paid the most attention. The mean fixation times of all the non-patients grouped closely around 0.61 seconds whereas the patients varied between 0.12 seconds and 0.47 seconds and 0.72 seconds and 1.04 seconds. Non-patients looked at all body levels, but spent much more time looking at the face. Patients on the other hand paid much more visual attention to the body and tended to avoid the face.
It is suggested that the variability in the fixation times and the tendency to avoid the face reflects a mechanism in the patient which is tending to avoid receiving information about certain aspects of the external world.
